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Advances in the medical and surgical management of patients with adult congenital heart disease (CHD) have improved survival and longevity in this patient population. In 2010, the percentage of adult patients with CHD surpassed that of the pediatric patient population with CHD.\[[@ref1]\] Expertise in the surgical correction of single ventricle lesions has led to a growing number of adults with these defects. For example, 70% of infants born with hypoplastic left heart syndrome are now expected to survive to adulthood.\[[@ref2]\] As a survival improves, more of these patients are presenting for noncardiac surgeries later in life. The complex anatomy and physiology of these lesions presents challenges for both the surgical team and the anesthesiologist. A clear understanding of each patient\'s anatomy is imperative for quality perioperative care.

Single ventricle physiology occurs due to a variety of congenital conditions that result in a hypoplastic or absent right or left ventricle (LV). This results in inadequate perfusion as the single functioning ventricle pumps blood to both the pulmonary and systemic vascular beds. These disorders are treated with either heart transplantation or staged palliative reconstruction.\[[@ref3]\] The goal of the staged procedures is to convert this parallel circulation to serial circulation whereby the single ventricle directs blood systemically, and pulmonary flow relies on passive venous return.\[[@ref4][@ref5]\] The initial stage is performed in the neonatal period to connect the aorta to the single ventricle in the Norwood procedure. Additionally, unobstructed venous return from the systemic and pulmonary systems to the ventricle is fashioned by an inter-atrial communication. Pulmonary blood flow is facilitated by the creation of a systemic to pulmonary shunt. This is usually created between the subclavian and pulmonary arteries (PAs), (Blalock-Taussig \[BT\] shunt). The second stage, termed the Glenn procedure, involves the anastomosis of the superior vena cava (SVC) to the PA. This stage results in the SVC as the sole provider of pulmonary blood flow, allowing the ventricle to remodel and function at lower end-diastolic pressures in anticipation for the final stage, the Fontan procedure. This procedure entails the redirection of blood flow from the inferior vena cava into the pulmonary circulation. This operation finalizes the anatomic goals in which systemic flow is diverted directly into the pulmonary circulation, bypassing the nonfunctioning right or left heart.\[[@ref4][@ref5][@ref6]\] The resulting Fontan circulation relies on passive, nonpulsatile flow through the lungs. The single ventricle has increased work to generate enough force to pump blood through the body but also overcome resistance across the pulmonary vascular bed.\[[@ref7]\] Balancing pulmonary/systemic blood flow (Qp/Qs) is the primary goal in the management of single ventricle physiology. This ensures the optimization of systemic oxygen delivery.\[[@ref8]\] Alterations in pulmonary vascular resistance (PVR) and systemic vascular resistance (SVR) can lead to hypotension or hypoxia, hemodynamic derangements especially common during the perioperative period.\[[@ref9][@ref10]\] While low and intermediate risk noncardiac surgery is considered safe in patients with a single ventricle, these lesions add a significant risk of mortality.\[[@ref11][@ref12]\]

Despite all the well documented benefits (earlier return of gastrointestinal function, shorter hospital stay, less postoperative pain and earlier ambulation),\[[@ref13]\] laparoscopic surgery can be especially concerning for patients with a single ventricle. By increasing intra-abdominal pressure, the pneumoperitoneum produces significant cardiovascular and respiratory alterations. Declines in cardiac output have been observed following abdominal insufflation as decreased venous return lessens cardiac preload, leading to hypotension. Additionally, the increased abdominal pressure elevates cardiac afterload and SVR, further compromising cardiac output. Peritoneal traction can lead to vagal stimulation and bradyarrhythmias.\[[@ref14][@ref15]\] Respiratory function can also be affected by elevated intra-abdominal pressures. Elevations in PVR due to hypercarbia can be caused by either direct carbon dioxide absorption or hypoventilation. Extreme patient positioning can exacerbate these hemodynamic changes. The "head-up" position often required for appropriate laparoscopic technique can decrease preload and lower cardiac output.\[[@ref16][@ref17]\] As mentioned, single ventricle physiology necessitates balance between systemic and pulmonary blood flow. The pneumoperitoneum and positional changes disrupt this balance and can lead to significant hypoxemia, hypotension and hemodynamic instability.\[[@ref18][@ref19]\] On the other hand, laparoscopic surgery also offers several aforementioned advantages. Therefore, the risks and benefits of laparoscopy for patients with single ventricle physiology must be carefully considered.

We present the unique case of an adult patient with a single ventricle heart defect presenting for a major laparoscopic intra-abdominal procedure. The case outlines the anesthetic management for patients with single ventricle physiology. Specifically, we highlight the concerns of laparoscopy and the challenges that this surgical technique presents in patients with complex congenital cardiac defects.

CASE REPORT {#sec1-2}
===========

A 32-year-old male with a history of a cyanotic CHD and ulcerative colitis presented for a laparoscopic total colectomy. He was born with tricuspid and pulmonary atresia and underwent a right BT shunt at 3 days of age. At 3 months, he had an atrial septectomy performed. Persistently elevated PA pressures precluded him from undergoing a Fontan procedure. He therefore functioned with a single LV filled by both right and left atria. His pulmonary flow remained via the BT shunt with baseline oxygen saturations around 80%. Additional medical issues included a 10-year history of recurrent atrial fibrillation requiring multiple cardioversions. He was placed on amiodarone and systemic anticoagulation. He also had pulmonary hypertension for which he was medically managed with an endothelin receptor antagonist, ambrisentan. Preoperatively, cardiology was consulted and performed a transthoracic echocardiogram. This revealed normal left ventricular function with an ejection fraction of 62%. The single ventricle produced a high output state with a cardiac output near 17 L/min, as measured by quantitative Doppler stroke volume calculation. The echo also demonstrated mild LV hypertrophy without wall motion abnormalities. The remainder of the exam was consistent with tricuspid atresia, pulmonary atresia, an atrial septectomy, and a right BT shunt. Cardiology requested a specialist cardiothoracic anesthesiologist for this patient given his high-risk situation \[[Figure 1](#F1){ref-type="fig"}\].

![Cardiac magnetic resonance imaging showing the patient\'s Blalock-Taussig shunt connecting the innominate artery to the right pulmonary artery](ACA-18-252-g001){#F1}

A laparoscopic approach was initially planned. His preoperative oxygen saturation was 78% with central and peripheral cyanosis. His baseline blood pressure was approximately 110/60 mmHg. A preoperative arterial catheter was placed for blood pressure monitoring. Anesthesia was induced with etomidate, fentanyl, and succinylcholine. Volume control ventilation was utilized with 600 ml tidal volumes resulting in peak airway pressures around 25 cm H~2~O. Following induction, a central venous catheter was placed without difficulty and a transesophageal echo probe inserted. He was maintained on sevoflurane at an end tidal concentration of 2.0% along with 50% oxygen. Target oxygen saturations were between 75% and 85%. Intermittent boluses of vecuronium and hydromorphone were titrated during the case. In addition, two units of packed red blood were infused at the onset of the case due to anemia from persistent hematochezia. His preoperative hemoglobin was 12.9 g/dl, decreased from a baseline of 17 g/dl. To maintain optimal oxygen delivery during the perioperative period, a hemoglobin \>16 g/dl was targeted. Following induction, positional maneuvers were tested to assess hemodynamic stability. Both Trendelenburg (head-down) and reverse Trendelenburg (head-up) positions produced little change in hemodynamics. A pneumoperitoneum was created, and the patient was placed in a head-up position for surgical access. These maneuvers resulted in hypotension with systolic blood pressures declining to 70 mm Hg. Multiple doses of phenylephrine were administered to temporarily resolve the hypotension. However, a vasopressin infusion was subsequently initiated due to persistently low blood pressures. He required increasing doses of vasopressin to a maximum of 2.4 units/h. Despite the abdominal distension created by the pneumoperitoneum, his blood pressures were adequately maintained with the vasopressin infusion. The surgical team proceeded with extensive exploration by a laparoscopic approach. This revealed dense adhesions and a significantly inflamed distal colon. Due to the difficult mobilization created by the adhesions, the decision was made to convert to an open surgical approach. The pneumoperitoneum was released, and the patient returned to the supine position. Within minutes, his blood pressure improved and the vasopressin was titrated off. The operation was resumed and completed without complications. The patient\'s neuromuscular blockade was reversed and he was extubated without difficulty. He was taken to the intensive care unit where he was monitored for hemodynamic changes, bleeding complications, arrhythmias, and other postoperative complications seen in patients with single ventricle conditions. He was eventually discharged home on postoperative day 10 \[[Figure 2](#F2){ref-type="fig"}\].

![Intra-operative two-dimensional-echo demonstrating the surgically created atrial septal defect between the right atrium and left atrium as well as the patient\'s single left ventricle](ACA-18-252-g002){#F2}

DISCUSSION {#sec1-3}
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Complicated congenital heart defects are increasingly prevalent in adults due to advances in the surgical repair of these lesions. As more of these patients survive into adulthood, higher numbers are presenting for noncardiac surgery. Overall, utilization of hospital resources is increased for this patient population.\[[@ref20]\] Furthermore, adults with CHD presenting for noncardiac surgery have increased perioperative morbidity and mortality compared with a matched control cohort.\[[@ref12]\] Risk factors for perioperative complications include baseline cyanosis, treatment for congestive heart failure, and poor general health.\[[@ref21]\] Conditions with the greatest complexity include single ventricle abnormalities, pulmonary and tricuspid atresia, transposition variants, pulmonary vascular disease, and Tetralogy of Fallot. These more complex patients are susceptible to comorbidities including cardiac, renal, and pulmonary disease. In turn, they are at significant risk of premature death, re-operation, and other complications.\[[@ref22]\] Therefore, these patients require detailed preoperative workups and an understanding of their complex physiology for successful perioperative care. In addition, they necessitate a multidisciplinary care team. The consensus statement from the ACC/AHA 2008 Guidelines for Management of Adults with CHD recommends that patients with complex CHD undergoing surgery should be performed in a regional adult CHD center. Cardiology consultation should be completed prior to procedures in moderate to high-risk patients and an anesthesiologist familiar with CHD should care for these adults during the perioperative period.\[[@ref23]\] Furthermore, these procedures are not suited for ambulatory surgery centers given the high-risk nature of these patients.

We outline a case of a patient with a single LV who presented for a laparoscopic colectomy for ulcerative colitis. The operation required a pneumoperitoneum and extreme patient positioning, leading to significant hypotension. Hemodynamic stability was maintained with vasopressor therapy; however poor surgical conditions necessitated a conversion to a laparotomy. Following release of the pneumoperitoneum and return to a supine position, the patient\'s blood pressure improved and the vasopressor support was titrated off.

This case highlights the anesthetic concerns for patients with complex congenital heart defects, specifically single ventricle conditions. As mentioned, single ventricle physiology leads to a delicate balance between systemic and pulmonary blood flow. Having not undergone a Fontan operation due to persistently elevated pulmonary pressures, this patient relied on a BT shunt to maintain blood flow from the systemic system (subclavian artery) to the pulmonary system (PA). As a result of the mixing between the systemic and pulmonary circulations, his baseline oxygen saturation and target for the perioperative period was 80%. Higher saturations might indicate excessive pulmonary flow, risking pulmonary edema and respiratory decline. Furthermore, patients with chronically low saturations undergo compensatory erythropoiesis resulting in higher than normal hematocrits. While no optimal hematocrit has been identified, it is important to maintain hematocrit levels near baseline to ensure optimal systemic oxygen delivery.\[[@ref7]\] In patients with systemic to pulmonary shunts, pulmonary blood flow will vary with changes in the pressure gradient across the pulmonary vascular bed. Elevations in PVR due to hypercarbia or hypoxemia should be avoided to maintain adequate pulmonary flow and prevent arterial desaturation. Ventilatory management should promote maximal pulmonary flow by minimizing peak airway pressures. At the same time, significant increases in pulmonary flow can worsen pulmonary hypertension and decrease lung compliance. Inadequate anesthesia or suboptimal pain control can increase SVR, exacerbating left to right shunting as blood is directed away from the systemic circulation. As a result, cardiac output would be compromised. Similarly, decreased cardiac output can occur following declines in venous return from systemic hypotension or elevated intrathoracic pressures.\[[@ref8][@ref9][@ref10]\] These are some examples of the complex physiology that must be considered in the setting of patients with single ventricles presenting for surgery.

To assist anesthetic management, invasive monitoring should be considered. However, placement can be technically difficult on account of anatomical abnormalities. In turn, the provider must have a precise understanding of a patient\'s anatomic variations and surgical repairs prior to placing central venous or PA catheters. As was the case for this patient, systemic to pulmonary shunts require that arterial line and pulse oximetry monitors be placed on the contralateral arm. Transesophageal echocardiography can be helpful to follow cardiac performance and fluid status. Intravenous line filters should be applied to prevent paradoxical air embolism. Postoperatively, these patients should be managed in an intensive care setting with continued meticulous attention to hemodynamics.

CONCLUSION {#sec1-4}
==========

This was a challenging case of an adult patient with a complex congenital heart condition who underwent an extensive open abdominal operation due to failed laparoscopy. A growing number of adults with CHD are presenting for similar interventions. With detailed preoperative workups and close hemodynamic monitoring during the perioperative period, these patients can experience successful surgical outcomes.
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